SUMMARY
There is growing evidence that Notch pathway activation can result in consequences on cell morphogenesis and behaviour, both during embryonic development and cancer progression.
In general, Notch is proposed to co-ordinate these processes by regulating expression of key transcription factors. However, many Notch-regulated genes identified in genome-wide studies are involved in fundamental aspects of cell behaviour, suggesting a more direct influence on cellular properties. By testing the functions of 25 such genes we confirmed that 12 are required in developing adult muscles consistent with roles downstream of Notch.
Focusing on three, Reck, rhea/talin and trio, we verify their expression in adult muscle progenitors and identify Notch-regulated enhancers in each. Full activity of these enhancers requires functional binding sites for Su(H), the DNA-binding transcription factor in the Notch pathway, validating their direct regulation. Thus, besides its well-known roles in regulating the expression of cell-fate determining transcription factors, Notch signalling also has the potential to directly affect cell morphology/behaviour by modulating expression of genes such as Reck, rhea/talin and trio. This sheds new light on functional outputs of Notch activation in morphogenetic processes.
INTRODUCTION
Notch signalling is a local cell communication mechanism highly conserved throughout the animal kingdom. It is implicated in a variety of developmental and physiological processes and aberrant Notch activity is linked to many different diseases, including cancers and neurodegenerative disorders (Bolos et al., 2007; Louvi and ArtavanisTsakonas, 2012) . The Notch family of receptors and the Notch ligands, Delta and Serrate (Jagged in vertebrates), are cell-surface type I transmembrane proteins. Upon ligand binding, Notch receptors undergo two proteolytic cleavages that lead to the release of the Notch intracellular domain (Nicd). Nicd is the active form of the receptor and acts in the nucleus as a transcriptional regulator, in cooperation with the DNA-binding protein CSL (also known as Su(H), CBF1 and LAG-1) and its co-activator Mastermind (Bray, 2006) . Thus, transduction of Notch signalling is relatively simple and primarily results in the regulation of target genes.
The identification and characterization of Notch target genes is therefore crucial to fully understand the function of Notch in developmental processes.
The best characterized target-genes of Notch encode transcription factors of the HES/E(spl) and Hey/Hesr/Herp gene families (Iso et al., 2003) but more recent, genome-wide studies have uncovered a broader spectrum of Notch regulated genes (Djiane et al., 2013; Hurlbut et al., 2009; Krejci et al., 2009; Mazzone et al., 2010; Terriente-Felix et al., 2013; Wang et al., 2011) . Amongst these were genes directly involved in cell shape, cell organisation and cell behaviour, whose functional relevance downstream of Notch has not been explored despite the fact that Notch has been implicated in different morphogenetic processes independently of cell fate. These include the formation of boundaries between different cell populations, such as during somitogenesis and in the Drosophila wing imaginal disc (Becam and Milan, 2008; Major and Irvine, 2006) , cell migration (Schober et al., 2005; Wang et al., 2007) and axon guidance (although the latter may involve a non canonical pathway (Le Gall et al., 2008) ). In the majority of contexts, such regulation of morphogenesis involves a transcriptional hierarchy, where activation of Notch results in the expression of a key transcription factor which in turn co-ordinates the cell behaviours (Niessen et al., 2008; Saad et al., 2010; Schober et al., 2005; Wang et al., 2007) . However, it remains plausible that, in some tissues, Notch activity may have a more direct role in co-ordinating the genes that implement cell shape changes, although there is as yet little evidence to support this.
One context where Notch is required for regulating the behaviour of a specified group of cells is in the Adult muscle progenitors (AMPs) in Drosophila. As in mammals, Notch activity is required to prevent premature differentiation of the AMPs, which are specified in the embryo and ultimately give rise to the adult muscles of the fly. (Anant et al., 1998; Delfini 4 et al., 2000; Hirsinger et al., 2001) . During larval stages, these progenitors proliferate to expand the pool of myoblasts and remain associated with imaginal discs (Bate et al., 1991) .
Then, at the beginning of metamorphosis the AMPs detach from the epithelium of the imaginal discs and migrate as a 'swarm' of associated cells (Roy and VijayRaghavan, 1998) .
At the target sites, myoblasts fuse with templates formed either from founder myoblasts or, in a few cases, from persistent larval muscles. In doing so, the fusing cells contribute to the differentiating muscle so that it achieves the appropriate size and structure. (Fernandes et al., 1991) . Thus adult myogenesis is a complex morphogenetic process, involving proliferation, migration, cell fusion and differentiation. As Notch signalling is active both in the proliferating AMPs, where it inhibits differentiation, and in the semi-differentiated migrating myoblasts (Bernard et al., 2006; Gildor et al., 2012) it could regulate many aspects of this morphogenetic process. Indeed, a significant fraction of the genes directly regulated by Notch in DmD8 cells encode cytoskeletal regulatory proteins. DmD8 cells are related to AMPs and in particular express the transcription factor Twist which has been shown to function as a cooperating transcriptional activator for many Notch target genes (Bernard et al., 2010; Krejci et al., 2009 ). This suggested that Notch could have a direct role in co-ordinating genes that control cell behaviours in this setting.
Amongst twenty-five putative Notch-regulated genes encoding cell morphogenesis related proteins that were identified through genome-wide studies, (Djiane et al., 2013; Krejci and Bray, 2007; Terriente-Felix et al., 2013) , we found that twelve are essential for generating adult flies capable of flight, consistent with appropriate functions in muscle formation.
Focusing on three, Reck, talin and trio, we demonstrate that they are expressed in adult muscle progenitors and exhibit Notch regulation. Thus, these data support the model that Notch activity has the potential to directly regulating genes that co-ordinate cell morphology, in addition to its more widely accepted role in regulating such characteristics through cell fate-determining transcription factors.
RESULTS

Identification of Notch target genes involved in adult myogenesis.
We first selected a set of genes with known or inferred function in the control of cell shape, organisation and behaviour from genome-wide datasets documenting genes associated with Su(H)-bound regions in response to increased Notch signalling in cultured cells and in wing imaginal discs (Djiane et al., 2013; Krejci and Bray, 2007; Terriente-Felix et al., 2013) .
Such genes encode different types of proteins including Rho/Rac GTPase Exchange Factors
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(e.g. trio), cytoskeleton binding proteins, a Netrin receptor implicated in cell migration and axon guidance (unc-5; (Keleman and Dickson, 2001) ) and the Reck Matrix Metalloprotease inhibitor, an inhibitor of cell invasion in cancer (Takahashi et al., 1998) (Table 1) . To test their function in adult myogenesis, a morphogenetic process where Notch signalling is implicated in both cell fate and cell migration (Anant et al., 1998; Gildor et al., 2012) , expression of RNAi targeting the individual genes was directed to the AMPs (using 1151-Gal4 as a driver).
Progeny from these crosses were assayed for their ability to fly, as an indication of muscle formation/function, and all genes were categorised according to the percentage of flight deficient individuals observed for each line (Fig. 1A , Tables 1 and S1 ). This approach had the advantage that gene expression was ablated at all post-embryonic stages of AMP development, from their proliferation in the larvae through to the forming muscles in pupae, but was not disrupted in the larval muscles nor in their embryonic progenitors (Anant et al., 1998) were classified as "weak-wt" since the results were inconclusive due to variability between lines, although overall there was little indication of any requirement in myogenesis.
Furthermore, for three genes (Klar, wb and cdep) the results were contradictory because one RNAi line induced a severe phenotype whereas other lines targeting the same gene had no or very little effect. Such differences could be due to differences in the depletion efficiencies or to the inhibition of off target genes, but we have not pursued those genes further.
In total, knock down of twelve genes gave consistent phenotypes suggesting that they are required for myogenesis (Fig. 1A , Tables 1 and S1 ). Three of these (chic, rhea/talin and sls) gave lethality at pharate stage when inhibited. This is consistent with a deficiency in the adult muscles and fits with previous data showing that rhea/talin and sls have roles in myogenesis (Brown et al., 2002; Burkart et al., 2007) . Furthermore, in a few instances the adults were found half emerged from the pupal case and, very occasionally a viable flightless fly eclosed. This suggests that the observed lethality was, at least in part, due to the inability to emerge from the puparium rather than to a major developmental defect. In agreement, one of the chic lines gave weaker phenotypes, generating adult flies of which 50% were flightless.
Inhibition of nine other genes, including corn and unc-5, resulted in flight defects with variable penetrance. In all cases the degree of flightless-ness amongst the progeny varied,
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ranging from completely flightless flies to weak fliers. These appeared to represent a continuum in the severity of the same phenotype, because flightless flies were only observed when the progeny had a high percentage of flight defects, whereas weak fliers were often observed along with normal fliers. Nevertheless these included good candidates to mediate effects from Notch. For example both corn and unc-5 were shown to be expressed in AMPs and unc-5 contains a Notch responsive enhancer (Krejci et al., 2009) .
A previous genome-wide RNAi screen to identify genes with function in muscle formation (Schnorrer et al., 2010 ) differed from our assay by using mef2-Gal4 as the driver, which is expressed in the muscle lineage from embryonic stages onward. Despite this difference, the results are broadly consistent (Table 1 ). Only two (NijA and cher) of the ten genes with no or little effects in our assay were found to give a muscle phenotype with the more widespread depletion used previously. Likewise, among the six genes with a strong phenotype in our analysis, five were found to be required for correct muscle formation in the previous screen (Schnorrer et al., 2010) . Notably, three genes (chic, rhea/talin and sls) whose depletion induced lethality at pharate stage in our assay gave embryonic / early larval lethality when inhibited from embryonic stage onwards so their role in later development was not considered.
Reck, talin and trio are required in AMP lineages.
Three genes with a penetrant phenotype obtained with all tested RNAi lines, Reck, rhea/talin (hereafter referred to as talin) and trio were selected for further analysis, since they had been shown to be associated with Su(H)-bound regions in response to increased Notch signalling in the AMP-related DmD8 cells (Table 1 ). In addition, they are well-conserved between Drosophila and vertebrates and have been previously linked to muscle formation:
Reck, a metalloprotease inhibitor, is expressed in developing muscles in the mouse where its expression is regulated by myogenic factors (Echizenya et al., 2005) ; Talin, a key component of intregrin mediated cell adhesion is involved at different stage of myogenesis in Drosophila (Brown et al., 2002) ; Trio, a GTPase exchange factor (GEF) has a role in muscle formation in mammals, where it activates Rac1 to promote myoblast fusion (Charrasse et al., 2007; O'Brien et al., 2000) .
Because 1151-Gal4 expression is not specifically restricted to AMPs (for example expression occurs in the salivary gland and some neural cells (Anant et al., 1998) ), it was possible that the observed phenotypes were due to Reck, talin and trio inhibition in tissues other than AMPs. We thus first confirmed the requirement of these genes during adult muscle formation by using two other drivers, E(spl)m6-Gal4 and mef2-Gal4, to direct RNAi expression in AMPs (Fig. S1 ). While small differences were observed in the penetrance obtained with the three drivers (likely due to different expression levels and timing), overall the phenotypes observed for all three genes were very similar ( Table 2) . As expected, one line targeting talin induced lethality at embryonic / early larval stage when driven by mef2-Gal4.
Since mef-2-Gal4 is also expressed in embryonic and larvae muscles, these results are consistent with the requirement for talin during embryogenesis (Brown et al., 2002; Schnorrer et al., 2010) . Similar lethal phenotypes were obtained when Notch-RNAi was expressed under the same conditions. Thus, these results confirmed that Reck, talin and trio are required in the myogenic lineages.
Next we sought to determine at what stage the three genes are required. To do so, we combined UAS-RNAi lines targeting Reck, talin and trio with the 1151-Gal4 driver in the presence of a thermo-sensitive derivative of Gal80 (Gal80 ts ), the Gal4 inhibitor (McGuire et al., 2003) . RNAi expression was then induced at different stages by incubating larvae at temperatures where Gal80 ts was inactivated. As a control, the experiment was first performed with an RNAi line targeting the transcription factor twist, which is required in AMPs but is down-regulated when myoblasts differentiate (Anant et al., 1998) . In agreement, we observed a severe phenotype when RNAi expression was initiated two days before pupation but not when it was initiated within 12 hours after pupation (Table 3 ). In contrast, inhibition of Notch after pupation resulted in a highly penetrant phenotype (albeit less penetrant/severe than when Notch was inhibited prior to pupation), suggesting a longer requirement for Notch compared to Twist. With Reck, talin and trio, the consequences were intermediate between the two.
Severe phenotypes were observed when RNAi expression was induced before pupation but the phenotypes were considerably reduced when the animals were shifted within 12 hours after pupation. Indeed, with trio-RNAi, ameliorated phenotypes were already evident with larvae shifted 1 day prior to pupation and were almost non-existent when shifted after pupation. Although it is not possible to distinguish exactly when the gene function will be perturbed, as the precise moment depends on the RNA and protein stability, these results suggest that the three genes are required for myogenesis at the end of larval stages and the beginning of pupation corresponding to the time when the AMPs start to migrate and fuse to form muscle fibres (Fernandes et al., 1991) .
In order to visualize AMPs shape, morphology and organisation we used beta-3-tubulin, which is highly expressed specifically in the AMPs (Fig. 1B) . Consistent with the requirement for Trio during the larval stages, we found that the AMPs were disorganized and had altered morphology when trio expression was inhibited. Indeed, in ~30% of wing discs, AMP cells were abnormally dispersed, with evident gaps between cells (Fig. 1B) . The same 8 phenotype was observed with two independent RNAi constructs (K18214R-1 and V40138, n= 5/15 and 6/20 discs respectively), and suggests that Trio is important in sustaining the integrity of the AMP layer. No such robust changes were detected when Reck or talin expression was perturbed at this stage, although some cells appeared to have lost the expression of the myogenic protein beta-tubulin with one Reck RNAi (data not shown).
Furthermore, although individual flies emerging after inhibition of Reck, talin and trio presented a wing posture defect (Fig. 1C and data not shown), using polarized light we did not detect any gross morphological abnormality of indirect flight muscles in these surviving flightless adults. Thus overall it seems likely that the flightless phenotype itself is due to subtler defects in muscle function and that there are also perturbations at earlier developmental stages that correlate to lethality before the flies eclose.
Reck, talin and trio are expressed in AMP cells.
Given the implication that Reck, talin and trio are required in AMPs for normal development, we assessed whether they are expressed in these cells, as predicted. Although their overall patterns differed, all three genes were expressed in AMPs. Expression of Reck was largely restricted to the AMPs ( Fig. 2A-B and Fig. S2 , for comparison, see expression of AMP markers, Cut and Mef2; Fig. 2D and H) where it was present at all stages examined, including young third instar (L3) larvae ( Fig. 2A ) and early pupae (Fig. 2B ). Interestingly the expression levels of Reck seemed to correlate with their maturation, as higher expression levels were detected at the onset of pupation. In addition, Reck was also detected in the peripodial margin possibly reflecting a function in disc eversion (Srivastava et al., 2007) . In contrast, Talin was broadly expressed throughout the wing-disc, with a fairly ubiquitous pattern as described previously (Brown et al., 2002) . However there was also a clear accumulation in the AMPs, making it plausible that there could be specific regulation of talin in these cells (Fig. 2C-D, and Fig. S2 ). Similarly, Trio protein appeared to be expressed widely throughout the wing disc, including in the AMPs (Fig. 2E, and Fig. S2 ). Furthermore, in situ hybridizations suggested some differential regulation of trio, with higher expression in the notal region / AMPs (Fig. 2F) . Similar enrichment in the AMPs was detected using a trio 'enhancer trap' line (corresponding to a P element insertion at the transcription start of the longest transcript of trio (Bateman et al., 2000) ) and this high level of LacZ reporter expression was found to co-localize with the AMP marker Mef2 (Fig2. G-H, and Fig. S2 ).
Thus, Reck, talin and trio are all expressed in AMPs, consistent with their proposed function in adult myogenesis.
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Notch regulated enhancers from Reck, talin and trio.
Reck, talin and trio were identified as putative direct targets regulated by Notch signalling in the muscle lineage. To verify this, we first tested whether the regions occupied by Su(H) in these three loci can function as Notch responsive enhancers (NREs). DNA fragments corresponding to these Su(H)-bound regions (in brown in Fig. 3A -C) were cloned upstream of a minimal Luciferase reporter and their ability to respond to the activated form of Notch (Nicd) analyzed in co-transfection assays using the DmD8, Twist-expressing, cell line.
All three enhancers gave increased luciferase expression in the presence of Nicd in DmD8 cells and this response was compromised when the Su(H) binding motifs were mutated ( Fig.   3D ; p<0.001 for trio and p<0.05 for talin and Reck, in each case the two best matches to the Su(H) position weight matrix were mutated). Of the three, the NRE from the trio locus gave the highest fold change in reporter expression in the presence of Nicd (6.5 for trio NRE versus 4.3 and 2.6 for talin and Reck NRE respectively) and also gave the most dramatic reduction when the Su(H) motifs were mutated. In contrast, the consequences on Reck NRE from mutating two Su(H) motifs was modest, although significant. This suggests that additional motifs, with lower Patser scores, may also be important in this NRE. Nevertheless all of the three identified regions behave as NREs consistent with the Su(H) occupancy detected in ChIP.
To further refine the NREs, smaller regions, centred on the Su(H) motifs, were assayed in a similar manner (circa 800pb, in green in Fig. 3A-C) . The fold of activation obtained with the short Reck and talin NREs showed a reduced ability to respond to Notch activation compared to their longer counterparts, suggesting that there are important regulatory elements in the surrounding region (Fig. 3D) . Indeed, shortened Reck NRE was no longer responsive to Nicd, suggesting there are relevant Su(H) motifs in the larger fragment which would explain the residual activity of the mutated long Reck NRE. Furthermore, all three long NREs contain Twist (Twi) binding regions, which are absent from their shorter counterparts (see "Twi ChIP", blue, Fig. 3A-C) . Thus, the reduced expression in the short
Reck and talin NREs is consistent with the model that, in DmD8, Twi functions as a cooperating transcriptional activator for many Notch target genes (Bernard et al., 2010) .
Surprisingly, the short trio NRE gave a fold change 50% higher than that of the longer trio NRE, even though it lacks the region previously found occupied by Twi. Thus this trio-NRE may bind Su(H) independently of Twi. In agreement, Su(H) was found bound to trio NRE not only in DmD8 cells but also Kc cells which do not express Twi (Terriente-Felix et al., 2013) whereas Reck and talin NRE were only bound to Su(H) in DmD8 cells.
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Reck and Talin NRE drive Notch dependent GFP expression in AMP cells in vivo.
To further confirm the relevance of the NREs for Reck, talin and trio expression during adult myogenesis, we tested whether they could drive expression of a reporter in the AMPs. To do this, the identified NRE sequences were cloned upstream of a minimal GFP reporter (Housden et al., 2012) and the resulting expression patterns analysed in wing discs from transgenic flies. Both Reck and talin NREs clearly directed expression of GFP in the AMPs (Fig. 4 A-D' and G) although in both cases only in a subset of the AMPs. Interestingly, the subsets differed according to the NRE, which could reflect different stages in the maturation of these cells or different pre-patterns amongst the progenitors. In contrast the trio-NRE was not functional in the AMPs, although it did direct some expression in the wing disc epithelium (not shown). Therefore despite its ability to function effectively in transient transfection assays, this fragment appears to lack features critical for activity in vivo. (Fig S3) .
Notch can induce ectopic expression of Reck, talin and trio.
As a further test of whether the three genes can be regulated by Notch activity, we monitored their response to ectopic Notch activity in the wing disc, with and without the cooperating factor Twist. Initially, Nicd alone was produced ectopically in a stripe across the wing pouch using the patched-Gal4 driver (ptc-Gal4; Fig. 5A-F) . However, none of the genes showed any marked change in expression under these conditions. Subsequently, as many AMP Notch targets require the transcription factor Twist (Twi) to be induced by Notch (Bernard et al., 2010) , we tested the effect of co-expressing Nicd and Twi together and of Twi alone. This combination induced ectopic expression of all three genes within the ptc expression domain (Fig. 5J-L) while none was clearly up-regulated when Twi was expressed alone (Fig. 5G-I ). This was even the case for Trio, suggesting that Twi does cooperate with Notch at this target, despite the fact that the NRE binds Su(H) even in cells that lack Twi.
Together these results suggest that Reck, talin and trio are Notch regulated in vivo when Twi is present in the same cells. Although this regulation is likely direct, based on the results from the reporters, it remains possible that there are also indirect mechanisms involved. Although we have not been able to detect any gross defects in the organization of indirect flight muscles, suggesting that AMP migration is not severely affected when Reck is knockeddown, as the RNA is only upregulated in late stage AMPs it is more likely to be involved in positively promoting myoblast migration, similar to its role in zebrafish neural crest cells (Prendergast et al., 2012) , than in suppressing migration.
Besides the three genes whose regulation we have analysed in some details, at least nine others appear to be required in adult myogenesis, based on the phenotypes seen when their expression in AMPs is ablated. Two of these, corn and unc-5, were previously shown to be expressed in AMPs. For unc-5, the Su(H) bound region has been tested and shown to function as an NRE in the AMPs. Thus, the evidence suggests that other putative targets will be regulated by Notch activity and will contribute to the functional output in regulating the AMPs cell behaviours. The model that emerges is that Notch activity not only regulates transcription factors important in conferring cell fate identify but also directly affects the expression levels of genes encoding proteins that implement cell fates, such as those with roles in regulating cellular architectures and behaviours.
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MATERIALS AND METHODS
Drosophila stocks and genetics.
Fly stocks used for RNAi experiments are from BDSC (Bloomington, Indiana, USA), DRGC (Kyoto, Japan) or VDRC (Vienna, Austria). Individual line numbers are indicated in table S1. We also used the UAS-twi-RNAi2x line to target twist expression (Wong et al., 2008) . Gene ablation was obtained by crossing UAS-RNAi lines with the following drivers:
1151-Gal4 (Anant et al., 1998 ), mef2-Gal4 (Ranganayakulu et al., 1996 and E(Spl)m6-Gal4
(Gift from Dr. Alexis Lalouette, Université Paris-Denis Diderot, France (unpublished)), combined with an UAS-Dcr-2 (BDSC, Bl24650, (Dietzl et al., 2007) ) to enhance RNAi effect.
Crosses were culture at 25°C and progeny was assayed for its ability to fly. In order to limit RNAi expression to a defined period of larval and pupal development, the 1151-Gal4 was combined with a tub-Gal80 ts (McGuire et al., 2003) . Crosses were cultured at 19°C and individually staged larvae or pupae (see table 3 ) were shifted to 29°C (non-permissive temperature for Gal80 ts ). Adults were then assayed for their ability to fly.
To assay AMP cell morphology following knock-down of Reck, talin and trio, wing imaginal discs from wandering larvae were dissected and stained for beta3-tubulin expression.
For the phenotype observed with trio, discs were scored on the basis of whether the AMP cells were abnormally dispersed, with gaps evident. (Baylies and Bate, 1996) . Crosses were cultured at 19°C for 7 days, then shifted to 29°C for 48 h before dissection and staining.
The trio-LacZ reporter line was previously described (Bl 8594) (Bateman et al., 2000) .
Flight assay.
For each RNAi line tested, at least 40 adult flies aged 2-8 days were assayed for their ability to fly. For this, flies were dump dropped from their vials at approximately 50 cm from the bench and numbers of flies that fell on the bench were scored (i.e. flies that could not fly away). This test was repeated twice from independent crosses and the results were averaged.
Depending on the percentage of flies with flight defect, each gene was categorised as "WT"
(less than 5%), "weak" (between 5% and 33%), "mild" (between 33% and 66%) and "strong"
(more than 66%). When lines targeting the same gene were in different categories, the gene was assigned to the strongest category if all lines were in categories not different by more 1 4 than one degree (e.g. "strong" and "mild" or "mild" and "weak"), except with "WT" and "weak" in which case the gene was assigned to the "WT-weak " category. Finally, genes with lines giving very different results (e.g. "weak and "strong") were classified as "uncertain".
Muscle preparation
Adult flies were fixed in 4% paraformaldehyde overnight. Thoraces were cut sagittally, mounted in glycerol and viewed under polarized light.
Luciferase experiments and GFP reporters.
For luciferase assays, putative NRE fragments from Reck, rhea/talin and trio were amplified from Drosophila genomic DNA using primers containing restriction enzyme sequences and cloned into a luciferase vector containing a minimal promoter from the hsp70 NRE, TTCCCACG > TaaGaACG (1031441) and GTCCCACA > GaaCaACA (1031363) . Cell culture conditions and transfections were as described previously (Nagel et al., 2005; Narasimha et al., 2008) . At least three biological replicates were performed in all experiments.
Significance of differences in luciferase measurements was assayed with unpaired, two-tailed Welch's t-test using R (R Core Team, 2013) .
To produce GFP reporters, long NREs (as defined above) were cloned in the pGreenRabbit vector (pGR) (Housden et al., 2012) . Flies carrying the pGR transgenes were generated by Phi-C31 mediated site-directed integration on the 86Fb platform. To test whether GFP expression was dependent on Notch signalling, reporters were combined with 1151-Gal4 and UAS-Notch-RNAi. Crosses were cultured at 25°C for 4 days, then shifted to 29°C for 48 h before dissection of wandering third instar larvae and staining. In all, 12-20 wing imaginal discs obtained from independent crosses were imaged. Areas occupied by cells expressing Cut (AMPs marker) or expressing Cut and GFP were measured using ImageJ (Rasband, 1997 (Rasband, -2012 . Significance of differences in measurements was assayed with unpaired, two-tailed Welch's t-test using R. We also used rabbit anti-GFP (1:500, Life Technologies. Carlsbad, CA, USA); rabbit antiTalin (1:500, gift from N. Brown. (Brown et al., 2002) ); rabbit anti-Mef2 (1:1000, gift of B.
Patterson (Lilly et al., 1995) ); anti-beta3-tubulin (1: 5000, gift from R. Renkawitz-Pohl (Rudolf et al., 2012) ). Samples were imaged using a Nikon Eclipse C1 confocal miscroscope.
Images were processed with ImageJ and assembled with Adobe Photoshop.
Reck and trio expression were analysed by in situ hybridization with RNA probes synthesised from PCR amplified DNA fragments (circa 1.2 kb) corresponding to Reck exon 7 and 8, and trio exon 4 and 5 of the longest isoform. In both cases the two probes gave the same pattern. In situ hybridization was performed according to standard protocol. Fluorescent in situ hybridization was performed using Tyramide Signal Amplification (Perkin-Elmer, Waltham, Massachusetts, USA). Standard colorimetric staining was imaged using a Zeiss Axiophot miscroscope. Fluorescent samples were analyzed as above.
Quantitative RT-PCR
Wing imaginal discs from third instar control (1151-Gal4) and Notch depleted (1151>N-RNAi) larvae were dissected (20 discs for each genotype). Dorsal halves (corresponding to the notum, where the AMPs are located) were separated from the wing pouch and used for RNA extraction using TRIzol (Life Technologies). Genomic DNA was eliminated using Ambion's DNA-free kit. cDNA was synthesized using random hexamers (Promega. Madisson, Wi, USA) and M-MLV reverse transcriptase (Promega). cDNA levels were quantified by real-time PCR using QuantiTec Sybr Green PCR mix (Qiagen. Valencia, CA, USA) and the AbiPrism machine. The calibration curve was constructed from serial dilutions of genomic DNA, and values for all genes were normalized to the levels of regions in DmD8 cells (Bernard et al., 2010; Krejci et al., 2009 
Elongation factor 2 (Ef2
